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fe««t<>^ ia.»^c icity gfi« «tr«t
t^r»« r«i3j^»d trtm to l^K)^ r» Cooling air mtst
flow wtm e<mtaPoXX«id b * ' ' \
tur«9 w&» X%^t94 to mi«* tmi^-
P^i- fourth til© :
r«M»t« H© att«K:^t wx^s wsidQ to in^refstlr^'
'




in i . ,;a«at st&-\ :wim, fm»
^ i^m factoif» Iteifciiig hlgNsr ap©eifi« cftitp-.,-.
rsletlvaly low turbir atupes. *•
timmj' mad m%SiXj&l9 ®i* fsm tbt^im&di^^xmmiQu of t-h@ cycles
pZHiMKEit ia ga* tiupUia#« Fev«ftl t^*t tli« s, -^
^ « ga« t\ii*l»li3« is pT<^n»rtimmX to th« tisrblna iiaXet
t«8E!ip©ifa1»a?»«^* <Se© Flg^ 1.) Althmigfc -o-« «ueh &m
hfttttt dJEoh&tigftrsi esn be us&A to Inoi^eaiv Ifle output
and r«<2uo« »T?0eifte fwel oo«si^pti«m, . ./^t »av-«
tj^ i43j of Itv-.. -ae« tmeh 6m la al.i«^?eft pcwur pX£i3it«^
t^ «ai|}l03r^:i£mt of MghftZ* turbl^a is^&t ttt^^sp^^ratmiMitt
B|j-peap« to hm th© t?^oat prosalsiBg iBK^thod ©f &tt«lnljig
tibe Sfisie obJ#etlv««
IIi.g^ fc«s^i*atM9?« feiioys citiT^atly aT®ll&bl# r<»*
tiurbii3« bl&d«ii r&pl<!X7 lone at]*o£^^ a»d othiar dosliv
ebia olitaarftotttrlstlcfiy suoh «• low o2*»ep rato^ at «Xo«»
viit«d t«t^>0r&turo8, «ui4 currwit ta3CooX«d tstpbt:>« ualt»
QfN»rfiLta with a str«afl-lii«it#d t«np«ra^22m of apppoxi-
rasitaXy X500® F« FuoX« pr««»iatX3r «*aiX©bX© will pF<wfiit*«
t«i9g>«r&tur«9 in th» r'OiSl<m of 3500^ F, Pig. 2(«) j












-' tiir« dlstrlimtioJi ^'-~ '''-- "''".." ''^-^m of
fugnl BtF9stm9 aXom; with 0tx^8»«»rap%ur9 eiirvett Tor tiaft
«**»f,hrvf Q(f d«tiii«Jiiiag limit...^,,, dp^&4 e®^ critical bXi%(l#
jmc-tioa fr«wt ©«rsre* «9tf $amimt#d t«^^^3wsttar» <!i»ti*llm-
tlim and ^lmi^%0 eti^tta ii»tlt«Kl I>lfi4» t«^|»4iratar««*
'I'l'OB t35w>«« Flguyp®« it wmxlA eppeaP' thist t^T[«
bl.a^ ti^^^drattsx^ c?o«^irj9 at it point iiasj* th^ :mi4dl® of
th0 bla4ft» ait«l timt tlw* ©pitleal »©«tloaii 1» at & point
appkroxiiaffitel^r <sa« tlii*»<l t^ise bl^slo l«iigtli tnm th« root*
Siac# pgpesttiit amy aiioj» do riot p#:3?mit u»i> of liiiijl*e»r
turbia© ira;®t t^j^ratyxn^ttt l>a»«ibi« »oluti<m« ta th®
pitj^l^a li4» li:i blado e«M>liisg, tls® us* of eoraiJiics, mi&
In t!»« ©ata^oa^y of b3ji4« e-<Xiltagt th« coaling eedi-
wm m&»t wid&lj fiimplc^x®^ b«tT0 htmn mlr fisd. wstter*.
<3NNnR6aatt prior to the inia. o. id Wur IX vwre, in mama
of tSi^is* lat&st ©ircjpftft tiapbo«j«»t ots^jiaoa uaing holloir
blft^s eooled by air* With blade imt^riala» nhoaa high
t«»!^>«iratt22^ qualitiaa im»m iBf«i*ior to Amariaazt t. ~
temparattuf^s as hl^ a» l653® ^ e0uXd ba iraaahad*-'- «
vator eoolad atationai?7 $m turbina vaa alaa ssp^^i-
in Ga^nsiaai^]^ in wl'iieh bla4a ta?f?iw»i»frfcwj^» of $50** to
930® F nasMi fwintaloa^ witti ga» i. ., ..popaturo of 2300** F*
Wenmymr, vatar Xaval ocmt3c»ol» eozuiaaaiar aaxiliariaa,






Adviaary CaEgF?ill;t«« fos* ikeroii«tutio9
of tyrbijj# blad» eooling istethods* ._,—,, -^ „ v..,
Iii¥e8t^ '"' w«rei i*im cooling h^ mir, fUm ecialSl^ by
'jLch t>b» eooiiag air flowmd au>
blade aa€ ©long tha blade surfae©^ coolis^r, }i
blades t^ air wl^ ®^ withm*t en tn»#i»t <Pts» l|),
eoolli^ t^ oir«^®tiiig Xitpld ^r-...^.,..,.. ,,^...._„,,._ .__. ....c^
blA^ee* Fr<]ra the ebeve invesl^lgatioi^ It wae deteradned
that iiaia*oire4 parfoi*Jsasic® rssiil^d with iacreat
t«Bi^per - pea?mitted hj soolirtgp etwa though coo,
t^nmmm wmre oonslciex^d* (See Fig, 1 which ehowa pef*^
f(Mm!Mfiee idrien loesee di^e to liquid eooi^..^, j^re doziei<-
d«E*ed)« Mill eooXlng ime eoneidezHid to be of little
value otihmr then to loisreaee blade life; Fllia eooliag
im» tmm& to be effe<»tive, end fm ei^iaytic&l i&Teetlge-
tioaa of hollow bls^de air oooliixg revealed that a gee
tmispta^utiii^ iiKsreaee of $0(P P could be obtained* vith
wm iiiaerty the pef'^sdlble ti^peral^re inex^aae warn
found to be (S^ ^^» Mqaid coollag indicated thjat tem-
peratorea up to tb^e limit of eiirrent fuela eould be
obtained*
In order to 9h&w aome of thm deairable i .*. **' of
eeranlea ia their application turbi^
a rewiew of eowe of their pro n and a c
.'"tf.'t.: '.rv -,>A -r^,:,! ^tm^igamQ ipe:ei«M Imsmlt^'^' ^-"^
5of a f«» ttf th««o prop<&rtlea »lth pi^
61X^^9 e«fca "b© |>jPo«'.; .'*' l?»iaa^ ' tli© j^^ay for*
mal&ap for & me^alllo blad^ bavins; & «»>#ciri<5 r:
of 3*3 <fiY^Piu«s© for bX&do allr-„. .. ,, _ , root sti^^n
of mppi^oxiwmfr'^- '-O^OOO "~* -— '^ 5bt&in»d, At 1200® P,
A Buab«r of filloya .he^o ZOO iioup sUrdss rupture str«r^
in oxi^ss of thst fig^ir»« Howovery aboiro 1200® F tho
•tmngth of ^^i^slXie «llayr> i&mea rapidly, «lior»ft«
]K»iM porcslaina rotsi tlwilr orlgln&l» thow^
lowor» strs^agth ftt ol«vst«d t«!!99p«rfttur«8» i&&& hmf^ rnxs"
tainod ton*Ho otrosooo of 17 #000 poi «t 1800^
ovor 100 hours* with an ovorago olang»tioa or eroop of
loos than •OOOl^ por oont ^r hnvtr*. .At 1800*^ best
Alloy hAO a 1CK> hour «fero«&^^- ,.,,...,j. _____,.
,
;)i*€acl-
ffiotoly l^tDCK) psl* Sitioo tho otro^s oot up la o tiirblno
blade la dlx^ctli^ proportloaol to the donoitsr* o oor^mle
bla^ «ith ft ^immit^ a^ 3«0 «na i Lie 8tr«3gt^ of
lO^DDO pal would bo •<|uiVAlont to azi over«go <ai07 bloilo
JiftiFiag a tmmilM str^jgth of ^7,000 p»i« Hyoohkoiiitooh,
in O^rtsmu^g investi^eto^ tho tonsilo stron^tho <^ iMvorol
r tB fit l300* F, iiijd fotiod tbot tholr otrongtha
r&nge4 frota 6,000 to 18,000 poi. At slmilfir to'spero-
turoo, th 1 B«roau of Staridurdo e<xKtuct«d t#st»
of ft miHl>or of coromie boclios and fouzid bliot their ->
Ing str^igtbs ranged from 10,000 to 3S,OD0 ps^ . - - ~ j^
Goresilee «re gon<»rall7 voaie in tonolon, t' o.^-
prlainglJ ^ood la oor.proai!ion» The liotionol Btirooiu of
.'&««^« itmui OCX :4»m»i' ir^G>||A 1^ 'sm^&em- »
n ,t;iiTHi.\sri^4?





c... :v:shibit«d & Qcm:r> .^^ ot 3^J2,OOOm
C$^mB^9imvm «xe«lLXMit r9sistario« to c^ldletlcm at al»«
seas^e 3 s-ueh &£ imxr^ mid Irl
r««ist«tn0e to o3tl<l«tl • B.
ctelftinsi hfc id to havv
tsneo to e2»©®p >.^-?.v.* TrsA.-^o p^ ^^jj j[jj e-r'-'-
ap^ap to fe»c<se© -ma^c A%mt% to cre©^. Tim Fiost
liHIJortsJUt «ai|*«Jt© of eel' : f«YOJmbl--. .,-ai»ir use in
nwltinc polatdy Xmf de^«iti«Mi» i^ldablXlty^ r#«ifttAiioe
to oxi^&tioM^ «i:^ poatfiblo lov eo«t*
«iee«dafi2ll7 {!^Ak« iA«« odT their mosPB daslrobl^ quAliti^a
in high to^perattiro wcr-k« ErittXensessy thermal olioek
»<maitiirltj, 6nd aiiiiuract\<rln;j5 difficulties
ag©» warplog end fl»surli»ii; tluri^ fonain;;
t! ' -i^lJSg ojMirRtioiuB, «,', Um ®o»t lis^^ .. t,
^ t^idfi#« brIttX«ne8» eaiit possibly b# ttiPoi4od bi' tiniag
<»<i!^^^esivi» f^ttmi" them Wni»iX«i 8tr««}soii» and InerwiMied
knowl@df:;e and te<»^iqu#a in m^tmifckiOturing pa:^oe#ssii« )!^y
•liiainate fopalng dlffioulti»»« ThmPsmX ulwtck o«r
^m.
i '
well &3 lt» ^ . ^-^^It varjix'JS d^m^-
th^^mml tihoc: .-m^^ rnrnH la a llstiiig o;
;'...__ .:>Qri©a, %im tlmmmX shock r^sistfiiie# i» elas-
a« fair to very g<>o<l« ^ti®:^ ar©, haw«ir»r> :,??«@n»r«aiy
i«f»ricir to iwtala in this f»»»peet«
Umi uii« of edriBales* both laa tlie form of a co&tlng
f 5jr m©t«l and as solid e»3?a3itie bodies in •
tt3i»« Appllciiifeiosis M* #ic»«n e«3£isldor{&bl« p.i»«»jii»«« The
uJi« of earable co£itln^s cm sii>olyb<l«ay^ pitot ttabo«.» l::
In %h» nozzln of m ran j«t, «ra»^ in »1«ki1 " aTYl®®
t«»t«^ lastrtmiaiital la prolm^iag t:- of th« instru*
jaoisits f*»0Rs 5 mlnuta* «liiut«««-^ ;'^h m*cli af
tha lni»ra«6ad llf« waa dtia to th® pj- ..ioa of oxi<f;a-
ti<»i of tlm molj^^ammmg %xi »p&&ijmn tasta <m a ^.... .^c
o^#.t«Kl molybdaimsBi atrip, stibj«ctad to « -i^^^asa at
3500® F, tha t«!«^®re.tisra at tha mirfa<ia of tiia s trip mm
affaetivalj r®4iioad to 2hm^ W*^ In an «r-,aIjtloal
atsidy,^ tha i&tloaal M^laoi*j CoiaBilttaa tor ilaronmitlca
a«t(— '^-^d tlmt m liquid aoolad tisrbina bXada, with a
l«wi oosiauatlvlty earamlc coating •^1'* tMek parmlttad a
1^0^ F Ixiei^aao in ^aa tae^aratura ovar llj^yld eooliug
ai<:ma« Tha uaa of earamle coatinga tm s^iatala^ )iowavar»
I»raa«nt8 addltlc^ial problains of tharisal aho<»k baeauaa
of tho dlffaraaca in rataa of thaaprai?'^ '"^^^*»^s1or of tha
e^^fmio and tha laatal*
:>#a
dh ©ffoi^ into th» u»e of e©a»«mic- v* ..
^ikxte iWLlM»riiiX hmA during a.n<! ':tu®at to '^Kjapid sfiir II
mtt&t of the eer«^lo bl&iitta in t^t^sd^m a» w»11 as eom«
pr<»0alon* Biad«s with a eoav#ntion«l dovotmil
menm^r^mmBtit wsro tost«d in & i!»otar aas
foiu^ thfit tlift bl&ile« h*d low Xofid be£. j»
and accordin, • Kalisoh, of th» Aij* Tran«i^«:*t H«»
a»ftroh Inatitute, t^sara »ae'«^'^ to ba littla ho|>« of
XKaaoMzig liii;^ paripharal v©xocit;ia» with ©at^- ' v .3
Another <laai|^ utilixad the ppiaoipls of plBcifig txi©
coramlo bladas iu ooBtpraaaion bj mmmtin^ tha bXsdas
radially inward oei tiio immr &^xtft^e of a r-atatlnr :•
thlm daai^ waa alao ab&^ctfiad d\aa to inc^v..^ >..... .voight
of, flmd inojNMOM^ Bti*a#0 in, ttm difiai beeaui»i of ita
high paripber&l Bpemd^ and baaauaa of tha ralatl^aly
aaes^licstad aaaa^l^r*^ fim Oaxmaaa fiaallj raaortad to
a watar eoolad turbiiia* Xti mn affc^rt to aiPalu&ta tha
aetual uae of earamle tiirbina bladaa^ l^*4#C«A» ooaati^^''^-* *'•
asid oimratad a gaa tuirblna vlth rotor bladaa stada of
aillimanita car^iie*' Thia unit vma qp^o^atad at spemda
up to 10,000 a«?*»,, and at fcaaparaturaa up to 17^5^ ^«
?he oparatioQ of tli» ttarbine did iiot laaat with tha
aarvioa raquira^i!»aata baaauaa of Xowar than noreial ..*. • ° «#
littla pammr axtraeti^m, exkd low praaaura ratioa aoroa*







9of blad«#« 3 witr ig eye ^
110' tur« changd ufc« o^ ^#0<>
riinuta, biit oo ooollr 2, tm^ out of
t}3r«o bla4«s brok>o« .,.,..,., . .sa fch© coolizig rat* 1? as
»®a»©«4 feo 20,000** """ -1- mlmit«, ""'-- "1"^^' ->.,-^» .-^
i^opeatod cooling cyei©a. D«>.«plt« t .i of
th»a« bl&a«d fsdlod at relatively low cm
mtP9&»Q&0 it was eaiiel^ul^^ th&t Um £%-.. .
further »»-»eifci^h into tl^e use of e^r^ilcs «a ,.— - ......
bl&de««
la €>Mer to S3r4pr0»e the tll©ps^l«^l ahoek ehAr&oterie*
tle« end et the ftfi^te tlise retain the t«^e]*«t»s«e reels-
te»ce of eerfisiiee^ ec^ie reeeiuE*oli iti re^seat ^eare bee
been dissected to th^ uee <^ metell^>H3ei*flmie8 or eer8r>iele«
Ceremals ere eomposmded by use of poivdered sietals with
tbe eddltlon oxides* cerbidee* nitrideSji or borldes^
etc* * O^mslderable eork In this field wss dmie In
0ercsfl»7^^ ^^ ^^^ ^fitlmi&l Advls<»7 Coestittee for Aero*
nautlos investigftted » eerbide t^e oen^iwl mm m ^am
ttirblne bl&<to ^seterlAl^^ Althougli results of oersflSRl
rmmmmitmh. hmm sbowed ecm^darable pr it aixpeers
th&t ooxisiderttble T^oro reseereh muat he d^xw before
definite oonelusl<»»« mm to feasibility of eereeMCL for
rotor blades ean be made*
Sinee eerai&ir; whole tseak in teti^' '
rttively c lOTi, it would uppes^
o4( <«i»ii>iio m







thut r©a© i©tal tur-
bine bXCL44» hmn r-minl-: .xplalt.
^a««lty i»»8 of tlie opiniaEi th.v
' jject to oor*,: ' " .-
tl49£ss of th«na&l i^ioek B«sa»itlvity , a^rm^^'
r«asibl« In pi^tecti^ turblia* ble^» .
%we^&-f providing tim d«sl^ was sueh that th-
emild* ill actual t^rblno ^uratiaiij^ h» i»Ifte#4 ii« ^ «
mX&a l]Mt»ft4 of t«a!islon« It v«8 his id0« th
i^m|)t«d sle*V9» frc ;ov« radially ftl^n ..m&r
bl&d« or coz*e» 62^d z«t6in«d hj mmmn
^Sirotid ring, mi^t »«ti»fiRCtoril3r utlll«« th© hi.^h ea'««
l»r»siiiv« iiti^^agth of e®r«g!itio», ^vi«t« ©04*^^^.:^;.. - of
^!itt obJa«tlon&bI«i l^ittX«zie«6 ehurfi^tdristloa of c«s^a->
mlem, «^td» «lne« tliid ftXaove walls ecmld bo r«ligtlviil;f
tlttia^ eoasXdorable r^slatcmeei to th&riit&l abooir eould b#
e^lzitAliiftd* Furthft^"* the ele«ra2io# b©^ ^^ w*lld
of the &Xmmr9 and Uno jUin«i2» blsde pje^vl^^od im ideal
liftsaagfi for tho Introduction of cooll23ig &lr« Pig, l^
tthova thftt air cooling of a hollow tiarblno blade wlt^
aoh isoira effactivo ai^ waa aoeopipllahad
. ; jt of air in eors^i^iaoii %.. ... ^^^
vlUiout an ixiaaart*
ox





f£2i«l <iftsl|^ with niljieh 8le#vi»« «r#i!^ f iaellT suce^as-
ftaiy fcOTw^* S«v»J!^ ?«fOdlfleu tloas to t«*. ^* kgiaal
il««tgn ««MWi wi<l« 1>0 im|arov« th«i quality of tim 'r'
Ooimter8inking of tiw sliding piatmi, »M b«Vi»llin«^ ot
%tm hXM9 tip w«i^ resorted to to i^rcw* tlift flow
ch«a*itot«fristlc» la pr««»ing» It wa* known ':.:. .:.o
»fi»lf«eti£riAg tSio diie that tia© design ««l*rfi;... .?
biMiioaXl:^ not tl3» best, b*at ©1ikj« ffllij?|>llclt2r, sn^m of
attBmfiMJtijre, »!»<$ ea»t eana l<l#i»&tloris i»«ro pax'^ffisount th»
4«i9ilgn «m« earrl0<i out*
A «llli!^anlt# h&am cmmat mmm aoleot«d as sl««ir«
material beo«use of avallahlllty and th« fact fckat th«
tl^rsitiil shook cliiuE*aoti»z*isties hsvs bssxi pvQvmk to bs
sufficiently good to wsrimot tbs eo^sid^rstloii of silll«
asults for tyrblns blAdinig InvsstlgEtlons*^
'IRbs Swy ixpsfls proooss was ussd ami sftoi* imimt^.
ti^iuls it wss f oianfl tl&at 12 psr eont fluid ftdditlon wss
s^eoss^fy to proviso ^sffieiotxt plsstieity to lasks s
slftoirs of x«t!:tsr xinifot^m dei:isity* In addition It was
foimd nsosssaa*j to pz*oload t^o dls with sllllmanits
during ssssBibly of the dls* A pi^sssuro of 1 ^, psl
was usod in prsssiiigt and it was found that Inoroased
prssstim did not« from all appoaranGss, imppo'^o tbs
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»!«•¥« quail tl®«, but V -• - - diiig feh«
di9 blftde* fha fi^at la
fansin^ tb© sleeve. feh« e^
vlthdrctvftl of the «1@^
li2l^le«fit« and oombl^mtions were taj^lv.-^, ,...«...,., ...»....,. ..^*^;
tale* lard oil, gx^ei^ilte gr mliia»g eille^ae
p*eiiee» end mien lubrleant. iisxi® of ^^ above lubrieants
tvere eueeesefi}! wben vatex* ves uned ad tiie additive*
the posuiblllty c«r using & lubrio«a,t ea the . s^bdi-
tive i»a nejtt resorted te« -. ii^^lution eo?^^-^^^^^'! of tbo
follo«l!3g V as BtsM up: 5<^^ by voliaae at s solution cori-
taloing $C^ by wel^t of "Carbo^^wax** (a «ater«8oluble
wax) in waterI $Qi^ hf velime ef a solMtion eoatalnlzig
4,€ by weight of "^leth-owsel** In water. Twelve per eesit
by vtti^t of ti:il8 solution was addM to tlio sillii^taiilte
^owdtep* and ^le die s)iirfa<&»s were lubricated with lb rd
oil* This eff<xrt was again unayeoeesful as the ^lieth->o*
cel^y which was to give dx*y strength to the sleeve*
apparently Inereased its adhering email tj« ^'>leeves vwre
micceaafully wltlidrawn from the noXu o.«a.*^* the following
prooedyre: die sui^aees rubbed with eolloidal graphite
and ^?lven a light coatixais of lard oilj l^i by weight of
a solution^ cosscrvosed of 50^ by weii^t of Oarbo*wax In
water* used am the fluid adc^itl'^* Flg» 6 shows a




It wmm 4«el4«4, fr -.adj of thm ^quiliWixm
dlftp^si- ,>r A1^03 • '-^iO^f to »lat#r the mlo^^mn at
3OOV-' r, Th« ddgre^ of dofcWPiaaticBS of ^"-"^ «i «.».f^*--« +-.>
be expeetttd in sintex^ln^ v«tt not 4^1n:
aiiniral** a«f«a7m&ti<m» a c«rbon coffin («^lg» 6) witsii a
S** dift b0r«> havlBg th« saese iim©r surf»e« ourvs-ture
lui tli# 8l*«v« ^tmll&, mmM «ftd« td ^Id th« al«ii^» ^^lle
lihfearin^. Two ©fiiH&OR rods, (•X63* dla) ««r» ir— '*--'^
In the »X««v«, to i>£^T«sit sft^lBig* ll'eii^ei^&tv
n«3tji diirlng »Xnti»3flng inMr« m«<l« i^lBg « nip
Optical FyroHi»t«i» of Ui» di«ii|>p©v ' Gm«3!it t^rp®*
Thd aintaring wmm ^tm^ la a earbon-* # tjip*
f\£!:*B6ed» folXowizig a» clos^lj »a p<^aibX« e tfche-^-'^'^
BhcMm In %im Appendix,
Fig* 6 shows A sloavG dl'iiipM &Jid re&4y for* slntes***
lag, ar5d «X4io a 3X0«v« aftor »int«j»i2ig» LittXct curva-
tiare <i^ -.tioa waa obAOPv«4« ., v ijugli aoas« aiu .
viui ftppar^at* ^'ithdraval of tha earbon rods subaequent
to siat#rizig «A« miMl» without dlffiouXt^^r* all thleknesft
of tin* «int«ro4 sXeevo, dosli^^»od to bo •X^ thick v^riod
frota "^.Od? to **.XX5* Hovovar, it i» ia»nni that th»
vaXX tliioknoAs during fonslng wmm not uniform* poaaibly
duo to spriagixig of tbo dio bXade durln<^ prosairtg* Tha
walght of the aintored aXaave It la
13
•trolly A 5ja^:*i.; ^i> :;„'*?? -^c
<ni«




A d«tailed ._ _ , „ _. irig di© u»»^ In f^^m-
i-- "'::• --—ntic 8lo«v«s isl Bhismu in 3?lg» 5» ^lS» ^' *-
« phoUign^nph mh&wim^ thd eaai|><mft£it; parta ^ the ai#«
Details of tli« to«t blfido usdd as Uie Is^aert for
the eerftmlc aXaeve a2>e a^ioin in Fig« 7« 1*ti« %£Q|irot»ct«d
t»»t blad® lij ^ by euttlixg <Io«ri th© c* i>«i*t of
tbA statisaaar^ piston of the molding die, sown
la Fig» 3 Aloaag frlt*i tb* Insert teat bl«d«. ^x *i •I36**
dittEswtar i^lea &x^ alioim Ia tha b6«« flangn of o«eh
bifida for a«ei4ring thi» taat bladaa to tt» test bloek*
It sh0ald ba noted from tba datallad dmvinga and Riga.
3 tmd 9 th&t thara ia eosiaidarabla diffaranea in Uiiok*
r. - f tha two teat blsdaa«
' raaaona of aisiplieity tha l^adaa wer
ftlemg linea of a pura iif^mlaa typa having »o twlat* ^^ir-
t'l^i*, «*i« !^!%gla thrw'^h which ,.- .jam «a» to ba
t__ „ ,„ _Xmifcad by daaiga to appiHsximBtaly 75 dagwi««»
In addition to tinm actual taat bladaa» two i^^imo 00l|.
b^jc 3re aut down wid uaad aa gvJlda bXadaa to
t ^ flow aloii^K^ tha taat bl&daa* ^^is* 9 ahowa
aa inatallad In tha taat blook«
IS
.3 Ici «-*^filX ?»xicXa
». ^i^P !t ts. . > ai
<s.-.
I6
of 0*1 A B^mir-in--^ ftrr^, gti*wm It* Fig. 9 «»» ^*®'^
Advent tii.. „„,: — ---. ..-:,„ alT tli© I>la4s2 -..•-
Wm fieti<Hi of tlM> c<K>l. "•.-•* ''If*
1?#iit Block
Flga* S «afid 9 dhow d^t^lXs of Um t&mt blocks .i,«»
A slot 1^7 wldft fiiM *'*l6 d««p wm» i«lll«94 in the blcK»k
to mc^l^v*' the blMes* iol '- ©oollug «dr, th«iPim>-
e(yapl9«« and, hold <ioM9t »©«*«?':- _ *» drilled asod &p« alao«tt
in Fig* B» A*'-- ""'--n la Fig* S 1« th« oo<ili»g air
ebgmiM3f whioh «foa ciiiii^l^d mxt to foz*is & distributloni
ofmnxml for ip«ui»«pi of oool:ing air to th» t».»t blad*
«ir hold®. Th« bloak m%d ln#©rt tost bl«,^© M&tl£jg »tsr-
fftoo© wort ,;,- -.- ,-,„ ,,.. - . iklr ti^lit joint s&ad
thuir^by proveat eooli»j| «xr .i'.^:-'-'-'—. fr^aia ardund thf- ''—•
»
of tbO' bl&^« tfm r&imtd «wJ^ «a»i>uzMi tlio ti-iO'i^ooc
.
hole In t^ ooat<»r of Us» air roaon^olr i&
to tojam an airtight flO«il mn4 m^mvmit leAkcugo of cs.- .
air into tho tboi^ssoooupXw. __.,. ^-i-.^x&tixmm
.... .JO ftocticm w&a dmmig^md to givo «n <mtriiiieo
exit aro« of 1S»75 in? (3^5 x li.15)» «Jt«3t «a approxi-
>f «6 for tho ra&go of operittioa
u^
^ M lasr;-*?: .r*r-^#^£e 31bi«*i«» ©iff
1^
17
•nc^»iB%«r«d In th» JUnv^ftstlgetloii* ? t block ndth
bltt<^s fonsftd cmm wtai Ion. Fig* 10,
i^ich shows ftoh«»fttle«II t#«t ln^oyt,
ill liftti:*fit«« th€» loeatioti of thtt t#8t &«cticm a« will
as 9th»r ^ftln e^™"^'^'^»^nfc* of t»ftt «^tti|iisia»t«
ttm AllX9on V-1710-61 engine* nr *^->^^lly ft«piPiit«N2
mid ftlSiOim in Fig« 11 « twmiahm4 dOM^ air to th»
J«»33 b\]imttr« Aii* flo« to tb© Allison sij|>©r©li4ssr^»r
ii««aur«d by feh© pr«asur« drop &er^88 a 5»6 dl ^
•d^ oririGa loe&tdd in v : 4l6« intako pipe*
Hot gm» for ^aii-rury to fc^ te»t saetloxi vtii gsKier^
atad in a .T-33 bumar uaing dlaaal fu«l» 1^R!;3|»eratura of
tba ^a streai^i was controll«d» for any aot air mxppXy,
by ©hanging ftj«l prasaura to th© bumar« The ^-33
bumar and lostall&tiosi la aliaao^ in Fig* 12.
p»m9r&tvtrm isaag^raa«ata
Taniq;>aratura neajKir^ftaata vara mm^ by uaa of oara*
mio iasulatad, ehraaal«>alta»al Uv^rmo^Gfaplnnp lad through
C'^'"--'"iiatad ]» a4 wiras t<> a Brown Hae<MPdar. '^'*'*" '^nordar,
reaairig in d^^e^n Fahraaiieity ia ahoim in Figs. 13 and
Cooling. Air ^tay
Comprasaad air at 6o to SO pai^ far blada eoo:^
fumiaiiad t-:; cooling air m©tar from, tha
*J««K!"
10
Itt Pig, 13 V&8 oonatr r ^scfclcablis In
wfts eoistrollad by m glc»b# s J mi th»
gait^ at tbo outl«t end of the mftt^r* Air tiixBJxtity^ is&a
«4g# c^lfiee in th« 2' pipe <^ tli« 60olii:ig m«t€»i*,
pi£*«S8ui^ drop w&a ladieeta^a on tia© ;3«£u»Mtor r«coin
in incthes of watar*
oi
with th»rmQ&mxpX®& l»st and
,,;_ „._^ _,^,,: ,s»t bloek CFlg« 9), w»P« ln»®Ft«d in
e^mtFol pAsmlm two ooasplet© run» woj^ - '' ^' t
»t a compressoa? nm. of lB,^2'50, asea^ t;. md «t «
600® F asad 160a® F In ®O0® F i»©i»e:— r' ^ <^ at .. -^..^e c»f
tui.»e, coaling air fl0ir «;im» v&s»1«4 b^r iiaju.*»,tini| thu ©ogl-
ing ftir i8«t#i* orIflee pressure drop ®f to .7 inches
©f w&t«ry u«lag inj©r*i8iBntJi of .lO iiiohi»» of »Bli«r«
¥«s^p«r&tur« r«cordtz^« iwr« i«©^ of bl^d^ feh«irstoeo«pX«
rofedlBga for »&eh ga» tJoiap«ratur« iiii4 rang* of coollug
9,lr flow ret«ft* loe^aaary prossure «^d t«?sporatwr#
roadlii||» w«ro rooorddd. Ofo»«rvod dftt© for «11 t«at»





Fig«» 15 «ffi<i 16 shjo- ally th» per
tu3*d podueticm obi :i the e«r«Ale sleeve
plotted «g&iiuit w»igfet of eoollng air for tmm^r &lr
flo«r# vsyylng fro® IO8 to I30 ll»»ykin« l^m ga« »t3P#«si
-
•""i Jio. varied ^am mk9k ^ •61I. -
tui»® r«duetlmi of 87l|.^ F oeoun»«d at ft ga» t «i^«ratta*o
of 1600** F and » «€>oliiag all* flow of •925 Iha/min*
WenmvQr, i- .. -....; imto of incFOftso In t«e^xM»«tar*
roti^^tl^m oois^urrecl ftt loiior ooolii^ air flo»a» TM«
can b« »oosi from tho docroaBing slop® of the eurv^ft &•
th» ooollnfT sir w»l|^ht flow litiere » '^T^ tess^eratur*
of th® prot#8t0d bl&4# with m> cooliii^t «ii* flow im«
Oso2»idAro4 to be 0««#iitlftlly tha ^;hAt of tlw
lanprotoetttd bled« (Table I), Tlila ©an pc^adbly be attrl-
b«it«4 to Urn fact thmt thmx^ was fipp«r«ntl]r little heat
traQsfez* from the baae of tbe teat block to the atssoa-
ph»r9, end henoe the tei!^oer8ture neceasarlly voulil
equal that of the iinproteoted blade*
Fig. 16 abowa tes^peratupe reduetlon vepaua eoollng
alP weight flois lar air flowa raiiging from 155
to 170 Iba/mln, land for gaa 8tr«i i ll»3a. from .731
to •S23« It ir&a not poaslble in thia run to maintain




" it li.y V
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AX»&, thn m»t' eooling air r ^ " - ..,.-.^ . -. . ----.. ^j^
«t ft g«» t«»s>®rat«i?« of 1600^ F smd ft eooliE^i «lr flew
of •S2. ibji/^ia»
A» in thd fir;:" - :" , ''- -'--" of the ev^"— ----
ticm oeourr©^ fit t^& Xom-ex* coolli^ «ir flows*
A ©o!^«f»i««5n Osf th© eurvos far t^ two t&st candi*
tlmm si..^..-, uirk&ble «imil&pity* At th« higher Mctob
!©«• fcl» rt^toctioQ in t»uper»tiLir«,. for « giv»2i g«fi "---
rtura, tms slightly h^t ooaslstontiy gr»at«r thsoi
%3mt tmp tlie lower g&9 strc H Kos* As eould h%
ospoctedi* for m givoaa O'^ollag air flow, ih» gr©«t«st
tiKi^«rati4ro r«^«tion oceiirrsd at thm hi^^r giii »- ^
titrsA*
• apparently little h©«t ttmmt&r
froBJ the t«3t block to th© st^^SfOi^re, th» protection
attmt49d the blad« bj tl» oerssde dl««v#^ without eool«»
li3|^« tm4 solely ukU si r<?>»ult of itm l&m th«rmiil omKlttO'*
tivity, tsmild not be eviLlufttod* It Is f<»lt that this
sit'tjatlonp with rsspect to ha&t trsrisfor fr^^n 1
to the Moixnting base» is ntore adver;»e thun tlits.t «»x
in an actual tu. , ivxclodinig other fcbctors fii^
b&sed on t.^ tet^^per&tare prote^itioQ sffor(Se<i ..^ ». low
eonduotlvity carieaic it Is prob&blo that s simllsr
ixist&lli<tion in en actu&l turblno would either result
f^
1"
-plater temperfttur® 2*e€tuctlon, or ' '"
ttar« reduction with ImMn eoolii^ «ir flow.
Tim weight of coollinii «lr used in providing the
t«sRp«rGt^jr« reductions dncoimtered tsa tbtism tests was
rsXstively S9t«ll« Asstaslng that t^ miixlmmi anssiaist of
eooliiai; air iis#a« (•92S Ibs/min in Hua 1 effecting a
t«aQ>er«tture re<hi«tion <jf STij.^ F) eoiald effectively eool
one tyrblne blade in en I-^i^O turbojet ^^ine (5^1$, buckets,
eii»pre&eo«* air eapeelty apt tely 4^60 lb«/mia at
reted see level r^p^mm) extrei>0letien of deta eould
lilieste that eoollng of the tiss'bine blades in the l4|0
«ngine eould be aecaejjplishetJ by bleediag mm r tely
1»2^ of the co$a{}res8or air eapaoity*





.J ^mder eonxfitiods uu»>«l&t«4 to actual gata turbine
sq?«ratl-«mt 210 4.»fiMttm ii-mmXvLnimim msa b« ^«biB:i m» to
tl«» applicability of cei*«aalc sle«v#» la r«duolag bl&di»
tei^per^t^i?^» in an aetiifid turbia©, gow^ver, the folloir*
ic^ eorieli^loiui wi&r# 2?««eho4|
witii air eoollng 1«, exel«^i2C sfl^vlo© «>p«r«tliig «aad
otiiAr factors, an ©ffectl-sf* and ee^iostleal swans or
offeetizig t«sqp»ratur» m^iotion of turbina blAdd»«
2« *^&« fimount of t^t^orstwr® redixetloii ^taino^
1» pvopGa^tt&ml to th« coollag »ir flow, for tJ3» rai^o
of cooling &ir flows iaYe«ti^at©4.
>• fim wmmmt of tom|>#rfitiir® roductlon p&f imit
milg^t flow of eoollcg air i» ©pefetoat at tho lower












O&SEKVED TEST DATA, COMPRESSOR ^EM--/8,ZJ0
UOca. Qas Temperature -f C\
Us/ ^00
f'^tn T/^ Ic Tr
806 1000 tZOO /foo 74>0O'
TfA Tc Tr Tm Tc T/^ T^ Tc T/{ Th\ Tc 7^ Tm 7c. Tk
-97^ 487 -J^ i70 ^70 87S 870 S /03a /a3o /208 /^30 -2Z /33Z /3^S 7
>Z3i^7S 32(0 /f-5 67S' ^6Z Z/3 fU ^00 28Z /(?f3 777 ^66 //9S' 3/3 ^8Z /33Z /OSS' Z37
.3^3 ^7S Z87 168 ^/r 3f0 zaS ^^;c X27 3Sf /o^3 S80 f^3 //9f /,Si SJ9 /J3Z 7iO S72
.i76^7S ^S<f 2i^ ^7^ 3^ 33S if'Z f^Z -fZO /a^3 ^SS Si8 /j9S C2d sys" /337 703 ^3i-
sB^ ^7S Z'f^ ZZ7 /^J 320 j^3 nr y/z i7S' /Of3 f7S S63 //SS" S97 if
8
/J37 i2^ 7U
.C86 ^7S Z28 2f7 C>So 3/^0 350 /<f7 373 S/i /^ fSZ S3 7 //9S ^0 yof /3J7 ssf 7^^
.?I0 ^/r ^ZZZ'S'^ <i90 Z67 ^o3 887 3^ S^l /(jfS ^7 60(i //9S fsa 7f^ /J37 So7 ^-30
.5'.^///r^f^ 260 ^90 Z79
-f// n? 333 SS7 /ofO f/^ ^3/ //ivT - " 7337^13 87f
24
^00 800 /OdO /2ao /f06 /ioo
^// A</ //'»', 7/,s/4r
^9 6/ ^/ 7J 7S &^
^7 ^S FO 30 /o3 7/3
^EsA, " //> /.OS .9S .n ,83 .9a '/f
r








ff " ^f r^"- .?
• oY •f •3Z .JO •Z8
S8 S'9 LSf (:.9S isr 7.^
S-6 S-2^ ^./vT ^U 70S 7.3Z
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T^'T^^SSi/^S: ( /^TAiO^ - Z9.dZ '//;
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1500 ZOOO 2500 3000 3500 ^00
TURBIfc/E- INLET temperature:, "^f
TURBOPROP EWGIWE P£f?FO;?MAWC£ V^lTH tW/THOUT COOLING
LOSSES. /|/RPL>\/WE SPEfO, 500 MPH •. MACH
/VO.^ 69, ALTITUBL^ 30^000 FT.
Figure 1









^ 2 3 -^
DiSTAHCE FROM gLAdE ROOT, ,ti
Figure 2(a)
^~''i~ Z J f
1/ 0<^O U, -TOO
Figure 2(b)
















RATIO OF DISTAK/CE FROM 6LADE ROOT
TO TOTAL BLADE LE/Vi^TH^ x/L
m'W^OO OF DETERMINI/VG L\tAlT\NG SPEED
AND CRITICAL BLADE SECTION FROM CC^RV^ES
or TEHPERAKJRE DISTR IBUT lOf^ AND /ALLOW-
ABLE STPESS-LIMITED BLADE TEMPERATURE
Figure 3
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f^3 GJ/eAJ*£'/<l /AJ*.Bt ^r^ir/C r^4c<=V:> ''>y




4 F « -iii pi:*©3su5*e arop in lbs/in^
1 5S weight flow, lb»/»€N5
i: » .61 fo2» fXanpe taps smd a;- to ptpm dlfe
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